We report the fabrication of hybrid structures composed of III-V active photonic crystal bonded on top of silicon wires. Laser is obtained from slow light waveguides and from nanocavities made in an InP-based membrane containing quantum wells, the emitted light being coupled evanescently to the SOI wires. Keywords: Photonic crystals, Semiconductor lasers, SOI waveguides.
SUMMARY
In the quest for efficiency, integrated optics has recently turned its attention to development of subwavelength, high contrast photonic components. Preferably based upon a silicon platform, these would allow one to envision low-cost and high component density. To achieve these ambitious goals Si technology takes advantage of processing know-how from the electronics industry. Mature complementary metal-oxide semiconductor (CMOS) processing technology renders silicon unsurpassed in terms of fabricated device quality. Furthermore, the ability of low-loss Si wire waveguides to be bent with tight radii of curvature predisposes them to small device footprints and thus large-scale integration. Beyond purely passive features such as guiding and filtering, the inclusion of active components in the Si platform would vastly enhance the portfolio of optical functions. For this we require devices capable of emitting, modulating, and detecting light, ideally with low power expenditure. Heterogeneous integration of III-V materials onto silicon could offer an efficient solution, providing tailor-made optoelectronic properties.
The introduction of nanolasers, such as photonic crystal III-V semiconductor lasers (PhC), would enable high speed operation [1] and reduced power consumption [2] with considerable reduction in footprint. In this work, we report on the simulation, fabrication and measurements of hybrid III-V PhC/ Silicon on Insulator (SOI) lasers. The structures investigated are schematized on Fig.1 
Figure 1. Hybrid III-V PhC/ SOI lasers.
It consists in a 2-levels platform: the active level is made of an InP-based PhC membrane containing 4 quantum wells (QWs) emitting at 1550 nm and the passive level is made of SOI narrow waveguides. The levels are separated by a thin low refractive index layer (BCB) which allows evanescent wave coupling between the two levels. The fabrication of theses structures relies on adhesive wafer bonding using the planarizing polymer BCB and on mix and matched DUV/Ebeam lithography [3] .
2 types of PhC were patterned on top of the SOI waveguides: line defect waveguides and wire cavities. SEM pictures of the fabricated samples are shown in Fig. 2 . The presence of the BCB layer reduces the optical confinement (compared to an air-clad membrane) making it less straightforward to obtain high Q cavities, such as those demonstrated in suspended membranes. This is one of the reasons why we chose, on the one hand, to use low group velocity modes of line defect waveguides to obtain sufficiently large light matter interaction to observe laser emission. On the other, we designed so called wire cavities made of a single row of holes drilled in a waveguide, which enables indeed record high Q/V ratios, even in the case where the substrate is a low-n layer such as BCB. The samples are optically pumped to obtain laser emission. The laser emission around 1500 nm is collected at the end of the SOI wires with a SMF28 fiber thanks to grating couplers etched at their outputs. The light is then analysed using a spectrometer equipped with a cooled InGaAs array of detectors. In the case of the line defect waveguides, the pump laser is an 80 MHz optical parametric oscillator providing 100 fs long pulses at 1180 nm. The pulses are injected in the SOI waveguides to pump the InP based structures at a wavelength where it is absorbed by the InGaAsP barriers and by the InGaAs QWs. Laser emission is observed for pulse energies below 1 pJ [4] . For the wire cavities, the pump source is 800 nm laser diode modulated to provide 10 ns pulses. Here the samples are surface pumped. As can be seen on Fig. 3 , the system goes from spontaneous emission to stimulated emission for pulse peak power of about 2 mW (total incoming power).
In conclusion, we demonstrate laser operation with fairly low thresholds of hybrid III-V PhC/ SOI structures. The reduction in size of these lasers points the way to the achievement of densely integrated optical sources for optical interconnection systems.
